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Blood Lead—Tooth Lead Relationship Among
Boston Children
Michael B RabinowiU. Alan Levtlon. and David C Bellmger

y Unit, Mental Retardation
Jassachusells 02115. USA

Neuroepidemiology Unit, Mental Retardation Research Center, Children's
Hospital. Boston. Ma

Tha Mount of lead In deciduous teeth hae been ueed extensively ••
• »»rk«r for Infant l«kd *xpo«ur* and body burden (NxdlBnn at tl.
1972). Elevittd tooth lead lev«U hiva baan taan In children who
had laad polaonlni (Brudarvold at al. 1977). Alio. on a population
•Ida bailt tooth laad lavala appaar to vary according to homing
atatui and praiumably laad axpoture (Ewera at ml. 1982 and Gilbert
•t al. 1982). Thli aipoture Indax hag baan applied uilng varying
taehnlquaa In Dannark (Crandjaan et al. 1984). South Africa
(Oroblar at al. 1986). and tha Unltad Kingdom (Uaclcla at al. 1977).

Bacauia of tha naurotoxlclty of laad. tha tooth laad lavala of
ratardad and normal chlldran hava baan conparad (Plnchln at al.
1978). Most raeantly. In ragaarch of laad and child development,
tooth laad lavala hava bean uaad aa markara of paat laad axpocura
(Naadletvan at al. 1979). Daaplte the wldagpraad use of tooth laad
valuaa. vary little U known about tha axact Una couraa of laad
deposition In tooth from blood. Thla report eoaparee blood laad
lavala at different agaa to tooth laad lavala In a group of Boaton
chlldran.

MATERIALS AND METHODS

Tha baaa population conalatad of 11.837 conaacutlva blrtha at tha
Boaton Hoapltal for Woman between April 1979 and April 1981.
Detail! of tha population and blood aampllng hava been publlahed
(Bablnowlti at al. 1984). Briefly, bablaa wara eligible for Inclusion
In thla follow up atudy If their umbilical cord blood lead lavala
were In tha highest, middle or lowaat decile. The participating
•other* had a mean aga of 29 yaara and wara well educated (e.g.
IS yaara mean schooling). In general the 249 enrolled children
represent healthy products of uneventful pregnancies and live In
areas that placed them at relatively low risk for lead poisoning.

Sand reprint requests to U. B. Rablnowltz. Marina Biological
Laboratory. Weods Hole. MA 02643 USA. (from 8/88 to 8/90:
Graduate Institute of Public Health: National Taiwan University; 1 Jen
Al Id. Sec. I. Talpel. Taiwan. Republic of China)
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The annual attrition rata waa laaa than 10%; a total of 202
children completed the 2 year follow-up. Both blood and Moth were
available from 102 children. In addition to umbilical cord blood,
capillary blood was aaiapled at 0.12.18, and 24 months and venom
blood at 67 month* of age. These ipeclmeni were analyzed In
duplicate or triplicate with a model 3010A anodic (tripping
voltameter (ESA, Bedford. MA). The averace difference between
the duplicate* waa 1 uf/dl and exceeded 3.6 tn only 10* of the
pairs.

Shed primary teeth of the study children were requested from the
parent* by mail. Teeth were returned by mall, wrapped In plaatle
padding. Inside a cardboard box In a reinforced envelope. Parent*
tupplled Information about the tooth'* location In the mouth and
the data the tooth we* shed by Indication* on a reply card lupplled
to them. After receipt, the teeth'* outer surface* were usually
brushed by hand with pumice powder that had been pre-cleaned
with warm EDTA. This was don* to enable better vlaual detection
of enamel defect* and waa unrelated to the dentln lead assay.

All aubiequent *t*p* were completed In a room with controlled air
flow which we* continually reclrculated by two HEPA air filter*
(model 100 Pliu. Environmental Air Control. Albuquerque KM). Thl*
yielded laboratory air containing 1 nc per cubic M of lead, versus
Wood* Hole outdoor air of 4 and Bo*ton laboratory air of 10 to 60
at that time. ln*lde the (ample digestion box which was fitted with
an additional HEPA filter, the air lead level were 0.03 ng per cu U.
The entrance to the room waa fitted with a sticky adhesive mat for
dust control.

The tooth lead waa determined In two portion* of dentln taken
from the ton* presumably representative of poet-natal deposition.
Cro**-*ectlonal ilab* of tooth material (FIGURE 1) were obtained
by saglttally slicing the tooth with a low-speed Buehler saw fitted
with two diamond Impregnated blades separated with a thin spacer.
Water was the only cutting fluid. Because of the low relative
humidity In the laboratory no special effort* were made to dry the
•ample*. Thl* slab waa covered with a sheet of Parafllm and
placed on an anvil. A chisel and mallet were usld to Isolate
different portion* of the slab for chemical analysis; the sampled
•Itea within each tooth were located visually. A cut wia made from
Just below the cementum-enamel Junction, which was visible In the
allhouette of the tooth, to a point midway between the top of the
pulp eavlty and the crown. For Incisors this cut approximate* the
neonatal line (Schour 1936). A mldllne cut was also made. For
deciduous teeth with the normal amount of root resorptlon. this
yielded two specimens of 10-16 mg each from the post-hatal dentln.

The** portion* were dlgeeted In • Pyrex tube with 260 uL of re-
dlatllled nitric acid (GP Smith). Blank tubes and tubes with a
calcium-baaed standard accompanied each batch. These were heated
In the HEPA filtered air chamber. After refluxlng and dissolution.
they were heated farther to reduce the volume to near dryness
(lose than 30 uL). Juat prior to analysis, the sample* were

Figure I: Tabular sagittal cross section of typical deciduous Incisor
(about 10 X magnification ). Not* crown wear and partially reaorbed
root. Hatched area* Indicate enamel and the pulp chamber; daahed
line 1* approximate location of the neonatal line. Sample* were
obtained from the postnatal zones between DAB and BAG.

redlssolved In place with 2.6 mL of 1.0 M sodium acetate, 0.2 M
chloride and perchloric acid buffer. pH to 6.8. This buffer waa
made nearly lead-free by batch electroplating for as many as 60
hours at 1.2 volt* u*lng a model 30IOA anodic stripping voltameter
(ESA, Bedford HA) with a mercury coated graphite electrode. Initial
plating waa at 1.26 volt* for 6 minute*, the sweep rate was 16.00 mv
per step, and final potential was 220 mv. Although a strip charter
recorder was used to monitor the machine performance, the actual
lead evaluation was done with the peak Integrator. These method*
have several advantagea.

First, using a fast stripping rate and pesk Integrator provides
large and sharp current aurge whose measurement Is unaffected by
slight lead peak asymmetries. which would cause inaccuracies If
peak height were used Instead. Second, our choice of buffer allows
for the unavoidable variations In the residual amounts of acid left In
the test tube*, which would affect the location of the lead peak.
Third, any copper peek Is further from the lead peak In thla matrix,
thus minimizing Interferences expected with a chromium chloride
based mstrlx.
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The Mount of lead represented by each peak was calculated from
the beet-fit straight line fit to at leaat S aqueout lead standard* run
among the samples on the aame day. The average r-squared
atioclated with thla line waa 0.900 (std dev =» . O i l ) . Procedural lead
blanks sveraged 3.0 ng (aid dev =» 2.3) per simple and represent
about 8» of the lead present. An Internal stsndard of lead-enriched
calcium chloride vas prepared to monitor the long-term behavior of
the system. The concentration of lead In this solution and the
aqueous lead standards was determined by Professor William Wanton
of the University of Tsxaa using Isotope dilution mass spectrometry.
The observed mean value of lead In this standard, which
accompanied each of the 216 batches of teeth, which Included those
reported here, was 6.48 (std dev » 0.36) ug/g . with a range of 4.6
to 6.3. The 96 % confidence Interval was 6.44 to 6.64 ug/g. The
value obtained by Isotope dilution, en absolute reference method,
waa 6.68 (std dev -0.04). The standard did not exhibit any time
trend. The correlation of the observed vslues with time was not
significant. p*-.06. p».4B.

Ve obtained two lead concentrations for each tooth. These values
were averaged If they differed by 2.6 ug/g or less. Otherwise, two
additional portions of the tooth were prepared, and the three
close*! values for the tooth averaged. This was necessary for fewer
than 16 % of the teeth. When multiple teeth were submitted for a
child, we conaldered only the first tooth received for most of the
analyse* reported here. 95 of the 102 teeth received were primary
Incisors; for 6 the location was uncertain.

RESULTS AND DISCUSSION

The mean lead level In theae 66 primary Incisors waa 2.8 ug/g (std
dev • 1.8. range 0.3 to 12.8). The average lead level of central
Incisors did not differ from that of lateral Incisors (2.8. etd dev -
1.8 va 2.6. std dev « 1.4). Similarly, maxillary Incisors did not
differ from mandlbular Incisors (3.2. std dev « 2.3 vs 2.6. std dev *
1.1). For the smaller number of children who supplied multiple teeth,
paired analysis also showed no difference between types of Incisor.

Figure 2 consists of six scatter plots of the dentln Irftd and blood
lead value* for varloua age* between birth and 67 months. A*
displayed la Table 1. the association between tooth lead and blood
lead Increases with age. first achieving statistical significance at age
18 month*. By 67 months the correlation coefficient Is 0.66. This Is
similar to the value of 0.47 found between current blood lead and
Incisor* among 302 German children (Ewers et al. 1982).

Although calcification never totally stops. In the sampled pert of
the deciduous Incisor calcification Is complete by the end of the
first year of age and of the entire tooth before the end of the
second year (Schour and Messier 1941). These findings Imply that
this dentln continues to accumulate the lead present In blood at
older ages. Although about 80 percent of the dentln specimen
assayed waa calcified prior to age IB months, less than 10 percent
of the explained tooth lead verlance Is accounted for by blood lead

4X8

' „»" " ' ' ,.."

Figure 2: Scatter plots and best linear fits of tooth lead and blood
lead at six age*, birth through 67 months. Dentln lead averaged 2.8
ug/g. blood lead about 68 ug/L. Note the Increase of slope with
age.

messuremente at or before 18 months. Any lead deposited earlier
can be lost through exchange. If the dentln did accumulate lead
uniformly with time, then the regression Intercept would Increase
with age. Because the Intercepts do not Increase with age. we Infer
thst dentln does not retain deposited lesd uniformly over time
during the early years of development (Table l). Additional support
for this view Is provided by the observation that averages of the
blood lesd at various combinations of ages did not correlate better
with the tooth lead than did the blood at the last age only.
As young dcntl* mstures. the mlcrotubule structure changes and
becomes less permeable (Thomas 1986). Even fully mature dentln Is
somewhat permeable to fluids (Pashley et •!. 1984). Also, tine and
strontium diffuse through dentln. but on a sub-millimeter scale
(Aahrafl et al. 1983 and Btazen et al. 1977). Thus. It Is not
surprising that the dentln appears able to lose lesd for as much as a
year after Initial calcification la complete, only later becoming a
more sealed repository. In contrsst. permanent teeth appear to
accumulate lead over many decades (Steehout and Portols 1981).



Afe S.B. Int S.E.

Birth 102
6 mo 97
12 9»
18 102
24 101
67 88

Average 102

.23

.14
.11
.28
.48
.68
.10

.07

.04
.04
.08
.16
.21
.08

.03
.03
.03
.03
.03
.03
.03

.03

.2
.2
.01
.0001
.0001
.02

2.3
2.6
2 6
2 2
1.8
1.6
2.1

.3
.3
.3 .
.3
.2
.3
.2

Table 2. Correlation of Blood Latd at 67 month* with Earlier Blood
Lead Level* and with the Dentln Lead Measurement.

Sample r

Blood Lead
Birth .0*
6 BO .14
12 .24
IB .38 •
24 .49 ••

Dentln Lead .66 ••

• p <O.OI •• p <0.0001

Although Individual Infant blood lead lovela fluctuate over time In
thU population, variability MOM to docreaao with Increaelnc ago
(Table 2) (Rablnowltt ot al. 1084). Much of the varlanco In 24
month blood load la shared with tho 67 month value. Thus, the
apparent correlation of tooth lead with tho 24 month blood value
•ay bo a reeult of the Intorcorrelatlon* among theae blood lead
meaturei.

In thla population mean blood lead level* did not change
eubatantlally with ate. However. In population* where children
receive the preponderance of their total lead exposure durlnc a
narrow time Interval, the pattern* of correlation between blood lead
level* at particular age* and tooth lead level* might be different.
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